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NOTE: Delete, revise, or add to the text in this
section to cover project requirenents. Notes are
for designer information and will not appear in the
final project specification.

This section covers circuit breakers, fuses, notor
controls, and control devices. This section
supports Sections 16145, "Standard Wring Systens,"
16446, "Panel boards," 16345, "Mdtor Control," and
16445, "Swi tchgear Assenblies;" accordingly, it
shoul d be included to the extent applicable to

proj ect requirenents. Draw ngs should show frame
and trip ratings, interrupting ratings, and NEVA
types and sizes, as well as single-line and
schemati c di agranms, elevations, and details.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

PART 1 GENERAL

1.1 REFERENCES
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NOTE: The foll owi ng references should not be
manual |y edited except to add new references.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication.
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The publications listed below forma part of this section to the extent
ref erenced:

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI )
ANSI C37.09 (1979) | EEE Standard Test Procedure for AC
H gh-Voltage Circuit Breakers Rated on

Synmmetrical Current Basis.

ANSI C37.121 (1989) Standard for Sw tchgear-Unit
Subst ati on- Requi renent s
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ANSI C37.16 (1988) Switchgear - Low Vol tage Power
Crcuit Breakers and AC Power Circuit
Protectors - Preferred Ratings, Related
Requi rements, and Application
Recomendat i ons

ANSI C37.17 (1979; R 1988) Trip Devices for AC and
Cener al - Pur pose DC Low Vol t age Power
Crcuit Breakers

ANSI C39.1 (1981; R 1992) Electrical Anal og
I ndicating Instrunments

ANSI C63. 2 (1987) Standard for Instrunentation -
El ectromagneti c Noi se and Field Strength,
10 kHz to 40 GHz - Specifications

ANSI C63. 4 (1992) Met hods of Measurenent of Radio -
Noi se Emi ssions from Low Vol t age
El ectrical and El ectronic Equipnent in the
Range of 9 kHz to 40 GHz

ANSI C78. 23 (1989) Electric Lanps - | ncandescent
Lanps- M scel | aneous Types

ASTM | NTERNATI ONAL (ASTM

ASTM A 167 (1999) Standard Specification for
Stai nl ess and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A 48 (1994; Rev A) Standard Specification for
Gray lron Castings

ASTM D 3487 (2000) Standard Specification for M neral
Insulating Q| Used in Electrical Apparatus

ASTM D 877 (2000) Standard Test Method for Dielectric
Br eakdown Vol t age of Insulating Liquids
Usi ng Di sk El ectrodes
ELECTRONI C | NDUSTRI ES ALLI ANCE (EI A)

El A 443 (1985) Solid State Rel ays, EI A/ NARM
St andard for

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE Cl12.1 (1988; 8th Ed) Code for Electricity
Met eri ng
| EEE C37.13 (1990) Low Voltage AC Power Circuit
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Breakers Used in Encl osures

| EEE C37.90 (1994) Standard for Relays and Rel ay
Systens Associated Wth El ectric Power
Appar at us

| EEE C57.13 (1993) Standard Requirenents for

I nstrument Transformers
| Pl - ASSOCI ATI ON CONNECTI NG ELECTRONI CS | NDUSTRI ES (| PC)
| PC D330 (1973) Switches
JO NT | NDUSTRIAL COUNCI L (JIC)

JIC01 (1967) Electrical Standards for Mass
Pr oducti on Equi pnent

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
NEMVA 107 (1987; R 1993) Met hods of Measurenent of

Radi o I nfluence Voltage (R V) of
Hi gh- Vol t age Appar at us

NEMVA 250 (1991) Enclosures for Electric Equi pnent
(1000 Vol ts Maxi nmum

NEVA AB 1 (1994) Mol ded Case Circuit Breakers and
Mol ded Case Switches

NEVA AB 3 (1993) Mol ded Case Circuit Breakers and
Their Application

NEVA FU 1 (1986) Low Voltage Cartridge Fuses

NEMA I CS 1 (1993) General Standards for |ndustrial
Control and Systens

NEMA | CS 2 (1993) Industrial Control Devices and
Assenbl i es

NEMA I CS 3 (1993) Industrial Control and Systens
Factory Built Assenblies

NEMA | CS 6 (1993) Enclosures for Industrial Control
and Systens

NEMA SG 2 (1993) Hi gh-Vol tage Fuses

NEMA SG 5 (1995) Power Switchgear Assenblies

NATI ONAL FI RE PROTECTI ON ASSOC!I ATI ON ( NFPA)

NFPA 70 (2002) National Electrical Code
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UNDERWRI TERS LABCRATORI ES (UL)

UL 20 (1995) UL Standard for Safety General -Use
Snap Swi tches

UL 489 (1991; 8th Ed; May 1, 1992; Bulletin Feb
11, 1992; Bulletin Mar 16, 1992) UL
Standard for Safety Ml ded-Case Circuit
Breakers and Circuit-Breaker Enclosures

UL 50 (1995; 11th Ed) UL Standard for Safety -
Encl osures for Electrical Equipnent

UL 508 (1993; 16th Ed) UL Standard for Safety
I ndustrial Control Equi pnent

1.2 SUBM TTALS

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Review subnmittal description (SD) definitions
in Section 01330, "Submittals," and edit the
following list to reflect only the submttals
required for the project. Subnmittals should be kept
to the mininumrequired for adequate quality
control. Include a columar |ist of appropriate
products and tests beneath each submittal

descri ption.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

The following shall be submitted in accordance with Section 01330,
"Submttals," in sufficient detail to show full conpliance with the
speci fication:

SD-01 Preconstruction Submittal s
No change in continuous-current rating, interrupting rating, and
clearing or nelting tine of fuses shall be nade unless witten
perm ssion has first been secured fromthe Contracting Oficer.
SD- 02 Shop Drawi ngs
Connecti on Di agrans and Fabrication Drawi ngs shall be subnmitted
for the following itens in accordance w th paragraph entitled,
"General Requirenents," of this section.
Installation drawi ngs shall also be subnmitted for the foll ow ng
itens in accordance with the paragraph entitled, "lInstallation,”

of this section.

Control Devices
Prot ecti ve Devices
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SD- 03 Product Data

Equi pnent and performance data shall be subnmitted for the
following itens including use life, systemfunctional flows,
safety features, and nechani cal automated details.

Manuf acturer's catal og data shall also be submtted for the
following itens:

Mot or Contr ol

I nstrunment Transforners
Encl osur es

Circuit Breakers

Fuses

Control Devi ces

Time Switches
Protective Rel ays

I ndicating Instrunments
I ndicating Lights

SD- 06 Test Reports

Factory Test Reports shall be submitted for Power, Hi gh Voltage,
and G| Crcuit Breakers in accordance with ANSI C37.09.

Dielectric Tests
Ti m ng Test
I nsul ati on Power Factor Test

SD-07 Certificates
Certificates shall be submitted for Circuit Tests on sinilar
nmotor-control or notor-circuit protector (MCP) units under actual
conditions may be submitted in lieu of factory tests on the actual
units provided.

SD- 08 Manufacturer's Instructions
Manufacturer's Instructions shall be submtted for the foll ow ng
itens, including special provisions required to install equipnent
conponents and system packages. Special notices shall detail,

resi stance i npedances, hazards and safety precautions.

Control Devices
Prot ecti ve Devices

SD-10 Operation and Mai ntenance Data

Operation and Mai ntenance Manual s shall be subnitted for the
foll owi ng equi pnent:

Manual ©Mbtor Controllers
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1

Magnetic Motor Controllers
Conbi nati on Mdtor Controllers
H gh Voltage Motor Controllers
Crcuit Breakers

Time Switches

Protective Rel ays

I ndicating Instrunments

3 GENERAL REQUI REMENTS

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: |If Section 16003, "General Electrica
Provisions,"” is not included in the project
specification, applicable requirenents therefrom
shoul d be inserted and the foll ow ng paragraph
del et ed.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Section 16003, "Ceneral Electrical Provisions," applies to work specified
in this section.

Connection Diagrans shall be submitted showi ng the relations and
connections of control devices and protective devices by show ng the
general physical |ayout of all controls, the interconnection of one system
(or portion of system) with another, and internal tubing, wring, and other
devi ces.

Fabrication Drawi ngs shall be submitted for control devices and protective
devi ces consisting of fabrication and assenbly details to be perforned in
the factory.

PART 2 PRODUCTS

2.

1 MOTOR CONTROL

Motor controllers shall conformto NEMA ICS 1, NEMA ICS 2, and UL 508
Controllers shall have thermal overload protection in each phase.

1.1 Manual Mtor Controllers

Manual notor controllers for the control and protection of single-phase
60-hertz ac fractional -horsepower snmall wattage rating squirrel -cage
i nduction notors shall be full-voltage, nmanually operated devices.

Controllers shall be single-throw, single- or double-pole, three-position
devices rated not nore than 1 horsepower 750 watt rated at 115- and
230-volts single phase. Controller shall include a supporting base or body
of electrical insulating naterial with enclosed sw tching mechanism yoke,
thermal overload relay, and termnal connectors. Controllers shall clearly
i ndi cate operating condition: on, off, or tripped.

Manual notor controllers shall be the toggle- or key-operated type as

i ndi cated and shall be arranged so that they nmay be | ocked with a padl ock
in the "OFF" position.
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Recessed manual notor controllers for single-speed, fractional-horsepower
snmal |l wattage rating squirrel-cage induction notors shall include a single
controller and indicating light in a 4-inch 100 mllinmeter square wal
outlet box for flush-wiring devices with matching corrosion-resistant stee
flush cover plate. Surface-nobunted nanual notor controllers for

si ngl e-speed, fractional-horsepower snall wattage rating squirrel cage

i nduction notors shall include a single controller and indicating light in
a NEMA 250, Type [1] | ] general - purpose encl osure

Recessed and surface-nounted nmanual notor controllers for two-speed,
fractional -horsepower snmall wattage rating squirrel-cage induction notors
shall include two controllers, two indicating lights, and a selector switch
inanultiple-gang wall outlet box for flush-wring devices with natching
corrosion-resistant steel flush-cover plate. Surface-nounted nanual notor
controllers for two-speed fractional - horsepower small wattage rating
squirrel -cage induction notors shall include two controllers, two
indicating lights, and a selector switch in a NEMA 250, Type [1] [ ]
gener al - pur pose encl osure.

. 1.2 Magnetic Motor Controllers
.1.2.1 Ful | - Vol tage Controllers

Magnetic motor controllers for the control and protection of single- and

t hr ee- phase, 60-hertz, squirrel-cage induction notors shall be
full-voltage, full nagnetic devices in accordance with NEMA ICS 1, NEMA ICS
2, and UL 508.

Operating coil assenbly shall operate satisfactorily between 85 and 110
percent of rated coil voltage. Motor control circuits shall be 120 volts,
60 hertz.

Controller shall be provided with two nornally open and two normally cl osed
auxiliary contacts rated per NEMA ICS 1 and NEMA ICS 2 in addition to the
sealing-in contact for control circuits.

Sol derl ess pressure wire terninal connectors shall be provided for |ine-and
| oad- connections to controllers.

Overcurrent protection shall include three manual reset thermal overl oad
devices, one in each pole of the controller. Thermal overload rel ays shal
be [nmelting-alloy] [binmetallic nonadjustable] type with continuous current
ratings and service-limt current ratings and shall have a plus or mnus 15
percent adjustnment to conpensate for anbient operating conditions.

An externally operable manual -reset button shall be provided to
re-establish control power to the holding coil of the el ectromagnet. After
the controller has tripped fromoverload, resetting the notor-overl oad
device shall not restart the notor.

Encl osure shall be in accordance with NEMA 250, Type | ].
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2.1.2.2 Reduced- Vol tage Starters

Reduced-vol tage starters shall conformto the requirenents for full-voltage
control l ers, except for voltage, and to the foll owi ng additiona
requi renents.

Over |l oad devices, one in each notor leg, shall fully protect the notor
during all phases of notor starting. Starter contacts shall be rated to
wi t hstand the switching surges during selector to full voltage. Starter
shal |l contain the necessary sensing and timng devices to nonitor notor
operation and select the correct tine for selector to full voltage.

Resi stors and autotransforners used for starting shall be adequately
ventilated. Solid-state starters shall be ventilated for starting cycles
as well as any followon restart-run cycles. External control circuits or
solid-state starters shall operate at 120 volts ac, maxi num

For solid-state starters, starting torque shall be adjustable fromO to 50
percent of applied voltage, mnimum Autotransfornmer starters shall have a
m ni mum of three taps above 50 percent reduced voltage.

2.1.3 Conbi nati on Mbtor Controllers

Foll owing requirements are in addition to the requirenents specified for
magnetic nmotor controller:

Conbi nation notor controllers for the control and protection of

singl e-and t hree-phase 60-hertz alternating-current squirrel-cage

i nduction notors with branch-circuit disconnecting and protective

devi ces shall be in accordance with NEMA ICS 1, NEMA ICS 2, and JIC 01

Conbi nation notor controllers shall include magnetic nmotor controllers
and nol ded-case circuit breakers or MCP in netal enclosures in
accordance with NEMA 250 or notor-control center draw out assenblies
with control -power transformers, selector sw tches, pushbuttons, and
indicating lights as foll ows:

Magnetic notor controllers and enclosures shall be full-voltage,
full -magnetic devices as specified in this section under paragraph
entitled, "Renote-Control Station Enclosures."”

Mol ded-case circuit breakers shall be thernal -nmagnetic breakers as
specified in paragraph entitled, "Manual Mtor Controllers."
Manufacturer's standard MCP may be used in lieu of nol ded-case
circuit breakers

Control - power transforners 120-volt ac nmaxi num sel ector swi tches
pushbuttons, and pilot |ights shall be as required.

Conbi nation notor controllers shall be identified with
identification plates affixed to front cover of the controller
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2.1.3.1 Nonr ever si ng Conbi nati on Motor Controllers
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NOTE: Nonreversing, reversing, and two-speed
conbi nati on notor controllers should be selected
fromthe foll owi ng paragraphs to suit the project
requirenents.

EE R R R R R R R R R R R R R R R R R R R R R R R R I R

Foll owing requirements are in addition to the requirenents for nagnetic
notor controllers:

Nonr ever si ng conbi nation notor controllers for the control and
protection of single-speed squirrel-cage induction nmotors shall include
a magnetic controller with nolded-case circuit breaker or MCP with
selector switch or start/stop pushbutton and indicating light in the
cover of the enclosure.

Rating of [single] [and] [three]-phase single-speed full-voltage
magnetic controllers for nonpluggi ng and nonjoggi ng duty shall be in
accordance with NEMA I CS 1 and NEMA | CS 2.

Wring and connections for full-voltage single-speed nagnetic
controllers shall be in accordance with NEMA ICS 1 and NEMA | CS 2.

2.1.3.2 Rever si ng Conbi nati on Motor Controllers

Foll owing requirements are in addition to the requirenents for nmgnetic
notor controllers:

Reversi ng conbi nation nmotor controllers for the control and protection of
si ngl e-speed squirrel -cage induction nmotors shall include two interl ocked
magnetic controllers with nolded-case circuit breaker or MCP, with sel ector
switch or forward/reverse/stop pushbutton and two indicating lights in the
cover of the enclosure. Indicating lights shall indicate the forward and
reverse runni ng connection of the notor controller

Rating of [single] [and] [three]-phase single-speed full-voltage nagnetic
controllers for plug-stop, plug-reverse, or jogging duty shall be in
accordance with NEMA ICS 1 and NEMA |ICS 2

Wring and connections for full-voltage single-speed nagnetic controllers
shall be in accordance with NEMA ICS 1 and NEMA I CS 2

2.1.3.3 Two- Speed Conbi nation Mdtor Controllers

Foll owing requirements are in addition to the requirenments for nmagnetic
notor controllers:

Two- speed conbi nation notor controllers for the control and protection
of single- and two-wi ndi ng, two-speed, three-phase, squirrel-cage

i nduction notors shall include two magnetic controllers with

nol ded- case circuit breaker or MCP, with selector switch or
fast/sl ow stop pushbutton and two indicating |ights in the cover of the
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2.

enclosure. Indicating lights shall indicate the high- and | ow speed
runni ng connection of the notor controller

Rati ng of three-phase, two-speed, full-voltage, nmagnetic controllers
for nonpl uggi ng and nonj oggi ng duty for constant- and vari abl e-torque
notors shall be in accordance with NEMA ICS 1 and NEMA I CS 2.

Rati ng of three-phase, two-speed, full-voltage, nmagnetic controllers
for nonpl uggi ng and nonj oggi ng duty for constant-horsepower notors
notors shall be in accordance with NEMA ICS 1 and NEMA I CS 2.

Rati ng of three-phase, two-speed, full-voltage, nagnetic controllers
for plug-stop, plug-reverse, or jogging duty for constant-torque,
vari abl e-torque, and constant horsepower wattage notors shall be in
accordance with NEMA I CS 1 and NEMA | CS 2.

1.4 H gh- Vol tage Mbtor Controllers

Hi gh-voltage notor controllers for the control and protection of

squirrel -cage induction notors, wound-rotor induction notors, and
synchronous machines rated 2.4 through 7.2 kilovolts, three-phase, shall be
NEMA ICS 2, Cass E2, type as required

Unl ess enclosed within a switchgear or unit-substation cubicle,

hi gh-vol tage notor controllers shall be housed in floor-nounted structures
of the NEMA type indicated, approximtely 90 inches 2300 nmillineter high
30 inches 750 millimeter wide, and 30 inches 750 m|lineter deep, with

sui tabl e draw out conpartments. Structure shall include provisions for
padl ocki ng the doors.

Structure shall be subdivided into | owvoltage control conpartnent with
separ ate door, high-voltage control conpartnent with separate door, ac bus
conpartnent, and cabl e-entrance conpartnent.

Controller shall be isolated by externally operated draw out stabs with
shutter mechanism |Isolating device shall also open the secondary of the
control -power transforner. Interlocks shall be provided to prevent

i nadvertent operation of the isolating nechani smunder |oad, opening the
nmedi unt vol t age conpartment door w thout isolating the starter, and cl osing
the Iine contactor with door open. An isolating switch assenbly shall be
i ncl uded.

For overload protection, anbient-conpensated thernmal overload rel ays, hand
reset, shall be included in all three phases. Solid-state multifunction
overload protection nay be utilized when approved.

Controllers shall be the fused type enploying current-limting power fuses
of the interrupting rating indicated. Single-phase antitrip protection
shal |l be provided. Starters shall enploy magnetic air-break |ine
contactors rated not less than 5 kilovolts. Control circuit shall have
provisions for external testing of 120-volt control circuit and a m ni num
of one set of nornmally open and normally closed auxiliary contacts.
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2.2 | NSTRUVENT TRANSFORMERS

Instrument transforners shall conply with the interference requirenents
i sted bel ow, nmeasured in accordance with ANSI C63.2, ANSI (C63.4, and NEMA
107.

Preferred Radi o | nfl uence
Basi c Nomi nal Test Vol tage Test Voltage Voltage Level
Insulation Insulation System for Potential for Current M crovolts
d ass, Level , Vol tage, Transforners, Transforners, Dry al
kv kv kv kv kv Type Filled
0.6 10 s 0.76 250 250
1.2 30 0. 208 0.132 0.76 250 250
0. 416 0. 264
0. 832 0.528
1.04 0. 66
2.5 45 2. 40 1.52 1.67 250 250
5.0 60 4.16 2.64 3.34 250 250
4.80 3.04
8.7 75 7.20 4.57 5.77 250 250
8.32 5.28
15L or 15H 95-110 12.00 7.62 9.41 1000 250
12. 47 7.92
14. 40 9.14
25 150 23.00 14. 60 15.70 2500 650
34.5 200 34.50 21.90 23.0 ce 650
46 250 46. 00 29. 20 29. 30 ce 1250
69 350 69. 00 43. 80 44. 00 ce 1250
92 450 92. 00 58. 40 58. 40 ce 2500
115 550 115. 00 73. 40 73. 40 ce 2500
138 650 138. 00 88. 00 88. 00 ce 2500

2.2.1 Current Transforners

Current transfornmers shall conformto | EEE C57.13 for installation in
netal -cl ad switchgear. Standard 3-A secondary transfornmer shall be used.

Transformers shall be [wound] [bushing] [bar] [w ndow] type.

Transformers shall have [single] [double] secondary w nding.
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Transformers shall be conplete with secondary short-circuiting device.

W ndow-type current transformers shall be indoor dry type construction with
secondary current ratings as indicated. Burden, frequency, and accuracy
shal | be as specified.

.2.2 Potential Transforners

Potential transforners shall conformto |EEE C57.13 for installation in
netal -cl ad switchgear. Standard 120-volt secondary transformers shall be
used.

Transformers shall have [single] [tapped] [double] secondary.
Burden, frequency, and accuracy shall be as required.

Di sconnecting potential transfornmers with integral fuse nountings and
current-limting fuses shall be indoor dry type two-w nding construction
with primary and secondary voltage ratings as required.

.3 ENCLOSURES
. 3.1 Equi pnent Encl osur es
Encl osures for equi pnent shall be in accordance with NEMA 250

[ Equi prent installed inside, clean, dry |locations shall be contained in
NEMA Type 1, general -purpose sheet-steel enclosures.]

[ Equi prent installed in wet |ocations shall be contained in NEVMA Type 4
wat ertight, corrosion-resistant sheet-steel enclosures, constructed to

prevent entrance of water when tested in accordance with NEMA ICS 6 for
Type 4 encl osures.]

[ Equi prent installed in industrial |locations shall be contained i n NEMVA
Type 12 industrial use, sheet-steel enclosures constructed to prevent the
entrance of dust, lint, fibers, flyings, oil, and cool ant seepage.]

[ Equi prent installed in Class |, Division |, Goup A B, C and D
hazardous | ocations shall be contained in NEMA Type 7 encl osures approved
for the specific flammable gas or vapor which is or may be present under
normal operating conditions.]

[ Equi prent installed in Class Il, Division |, Goup E, F and G hazardous
| ocations shall be contained in NEMA Type 9 encl osures approved for use
where conbustible dust is or nay be present under nornmal operating
conditions.]

[ Sheet -steel encl osures shall be fabricated from uncoated carbon-stee
sheets of comrercial quality, with box dinmensions and thickness of sheet
steel in accordance with UL 50.]

[ Steel enclosures shall be fabricated from corrosion-resistant,
chrom um ni ckel steel sheet conformng to ASTM A 167 Type 300 series with
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ASM No. 4 general - purpose polished finish. Box dinensions and thickness of
sheet steel shall be in accordance with UL 50.]

[Cast-iron enclosures shall be gray-iron castings conformng to ASTM A 48
with tensile-strength classification recognized as suitable for the
application. Cast-nmetal enclosures shall be not less than 1/8-inch 3
mllineter thick at every point, of greater thickness at reinforcing ribs
and door edges, and not less than 1/4-inch 6 mllineter thick at tapped
hol es for conduits.]

.3.2 Renot e- Control Station Encl osures

Renot e-control station enclosures for pushbuttons, selector swtches, and
indicating lights shall be in accordance with the appropriate articles of
NEMA | CS 6 and NEMA 250

[ Renmpt e-control stations installed in indoor, clean, dry |ocations shall be
contai ned in NEMA Type 1 general -purpose, sheet-steel enclosures. Recessed
renot e-control stations shall be contained in standard wall outlet boxes
with matching corrosion-resistant steel flush cover plate.]

[ Rembt e-control stations installed in wet |ocations shall be contained in
NEMA Type 4 watertight, corrosion-resistant sheet-steel enclosures
constructed to prevent entrance of water when tested in accordance with
NEMA I CS 6 and NEMA 250 for Type 4 encl osures.]

[ Remot e-control stations installed in wet |ocations shall be contained in
NEMA Type 4 watertight, cast-iron enclosures constructed to prevent
entrance of water when tested in accordance with NEMA ICS 6 and NEVA 250
for Type 4 enclosures.]

[ Rempt e-control stations installed in dry nonconbusti bl e dust-I| aden

at nospheres shall be contained in NEMA Type 12 dusttight, cast-iron
encl osures with gaskets or their equivalent to prevent the entrance of
dust . ]

[ Rempt e-control stations installed in industrial |ocations shall be
contai ned in NEMA Type 12 industrial -use, sheet-steel enclosures
constructed to prevent the entrance of dust, lint, fibers, flyings, oil
and cool ant seepage. ]

[ Rempt e-control stations installed in industrial |ocations shall be
contai ned in NEMA Type 12 industrial-use, cast-iron enclosures constructed

to prevent the entrance of dust, lint, fibers, flyings, oil, and cool ant
seepage. |
[ Rempt e-control stations installed in dass I, Division |, Goup A B, C

and D, hazardous |ocations shall be contained in NEMA Type 7 encl osures
approved for the specific flammable gas or vapor which is or may be present
under normal operating conditions.]

[ Renpt e-control stations installed in Class Il, Division |, Goup E, F and
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G hazardous | ocations shall be contained in NEMA Type 9 encl osures
approved for use where conbustible dust is or nay be present under nornal
operating conditions.]

[ Sheet -steel encl osures shall be fabricated from uncoated carbon-stee
sheets of comrercial quality with box dinensions and thickness of sheet
steel in accordance with UL 50.]

[ Steel enclosures shall be fabricated from corrosion-resistant,
chrom um ni ckel steel sheet conforming to ASTM A 167, Type 300 series with
ASM No. 4 general - purpose polished finish. Box dinensions and thickness of
sheet steel shall be in accordance with UL 50.]

[Cast-iron enclosures shall be gray-iron castings conformng to ASTM A 48
ASTM A 48, with tensile-strength classification recognized as suitable for
this application. Cast-netal enclosures shall be not |less than 1/8-inch 3
mllineter thick at every point, of greater thickness at reinforcing ribs
and door edges not less than 1/4 inch 6 mllinmeter thick at tapped hol es
for conduit.]

Renmot e-control stations shall be installed with the centerline 66 inches
1700 mllinmeter above the finished fl oor

.4 Cl RCU T BREAKERS
Circuit breakers shall conformto UL 489, NEVMA AB 1, and NEVA AB 3.
4.1 Mol ded- Case Circuit Breakers

Circuit breakers shall be nolded case, manually operated, trip-free, with

i nverse-tine thermal -overload protection and i nstantaneous magnetic
short-circuit protection as required. Circuit breakers shall be conpletely
enclosed in a nolded case, with the calibrated sensing el ement
factory-seal ed to prevent tanpering

Ther mal - magnetic tripping elenents shall be located in each pole of the
circuit breaker and shall provide inverse-tinme-delay thermal overl oad
protection and instantaneous magnetic short-circuit protection

| nst ant aneous magnetic tripping el ement shall be adjustable and accessible
fromthe front of the breaker on frane sizes |arger than 100 anperes.

Breaker size shall be as required for the continuous current rating of the
circuit. Breaker class shall be as required.

Interrupting capacity of the panel and lighting branch circuit breakers
shal |l be sufficient to successfully interrupt the maxi mum short-circuit
current inposed on the circuit at the breaker ternmnals. Circuit breaker
interrupting capacities shall be a mninumof 10,000 anperes and shal
conformto NEVA AB 3.

Mul tipole circuit breakers shall be of the commopn-trip type having a single
operating handl e and shall a have two-position on/off indication. Circuit
breakers shall have tenperature conpensation for operation in an anbient
tenperature of 104 degrees F 40 degrees C. Circuit breakers shall have
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root nean square (rns) symetrical interrupting ratings sufficient to
protect the circuit being supplied. Interrupting ratings nmay have
sel ective type tripping (tine delay, magnetic, thermal, or ground fault).

Br eaker body shall be of phenolic conposition. Breakers shall be capable
of having such accessori es as handl e- ext ensi on, handl e-1 ocki ng, and
padl ocki ng devi ces attached where required.

Circuit breakers used for notor-circuit disconnects shall neet the
applicabl e requirements of NFPA 70 and shall be of the notor-circuit
protector type.

Crcuit breakers used for service disconnection shall be the encl osed
circuit-breaker type with external handle for nanual operation. Enclosures
shal |l be sheet netal with a hinged cover suitable for surface nounting.

.4.2 Encl osed Mol ded-Case Circuit Breakers

Encl osed circuit breakers shall be thernal -magnetic nol ded-case circuit
breakers in surface-nmounted, nonventil ated encl osures conforning to the
appropriate articles of NEMA 250 and NEMA AB 1.

Encl osed circuit breakers in nonhazardous | ocations shall be as foll ows:

[Circuit breakers installed inside, clean, dry locations shall be
contai ned in NEMA Type 1, general purpose sheet steel enclosures.]

[Circuit breakers installed in unprotected outdoor |ocations shall be
contai ned in NEMA Type 3R, weather-resistant sheet steel enclosures
that are spl ashproof, weatherproof, sleetproof, and noisture resistant.]

[Circuit breakers installed in wet |ocations shall be contained i n NENVA
Type 4, watertight corrosion-resistant sheet steel enclosures
constructed to prevent entrance of water.]

[Circuit breakers installed in wet |ocations shall be contained i n NENVA
Type 4, watertight cast-iron enclosures constructed to prevent entrance
of water when tested in accordance with NEMA ICS 1 for Type 4

encl osures. |

[Circuit breakers installed in dry, nonconbustible dust-I|aden

at nospheres shall be contained in NEMA Type 5, dusttight
corrosion-resi stant sheet steel enclosures with gaskets or their
equi val ent to prevent the entrance of dust.]

[Circuit breakers installed in dry, nonconbustible, dust-I|aden

at nospheres shall be contained in NEMA Type 5, dusttight cast-iron
encl osures with gaskets or their equivalent to prevent the entrance of
dust. ]

[Circuit breakers installed in industrial |ocations shall be contained
in NEMA Type 12, industrial-use sheet steel enclosures constructed to
prevent the entrance of dust, lint, fibers and flyings, and oil and
cool ant seepage. ]
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[ Steel enclosures shall be fabricated from corrosion-resi stant stee
sheet confornming to ASTM A 167, 300 series corrosion-resistant steel
Box di mensi ons and thi ckness of sheet steel shall be in accordance with
UL 50.]

[Cast-iron enclosures shall be gray-iron castings conformng to ASTM A
48 ASTM A 48 with tensile strength classification suitable for this
application. Cast-netal enclosures shall be not |ess than 1/8-inch
thick at every point, of greater thickness at reinforcing ribs and door
edges, and not less than 1/4-inch 6 mllineter thick at tapped hol es
for conduits.]

2.4.3 Power Circuit Breakers

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Specify when or where breakers equi pped with
current-limting fuses shall be installed and
requirenents for coordination with other system
protective devices.

Edit breaker description to suit project
requirenents.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Power circuit breakers rated bel ow 600 volts shall be the air-break type
enclosed in ventilated housings. Current, voltage, and interrupting
ratings shall be as required.

Power circuit breakers shall conply with ANSI C37.16 and | EEE C37. 13.

Power circuit breakers shall be equipped with [electronechanical] [static
trip (solid-state)] devices with [long-tine/short-tinme] [instantaneous]

el ements. Breakers shall be electrically and nechanically trip-free in any
position of the closing stroke. Gound fault protection shall be included
in either type trip device. Miin contacts shall be silver-plated. Arcing
contacts shall be sintered tungsten alloy. Tripping shall be acconplished
by a [shunt-trip] [series-trip] device. dosing shall be by [nmanual]
[electrical] operation

Breakers installed in metal housings such as unit substations shall be the
drawout type. Breakers installed in isolated |ocations or not as units of
a central distribution center shall be [swi tchboard] [wall] -nounted,
provided a correctly ventilated protective nmetal cover is installed.

Al arns, auxiliary switches, interlocks, and simlar devices shall be
suppl i ed

Breakers shall have a renpvabl e operating handl e, provision for padl ocking,
and position indicator.

Power Circuit Breakers shall be factory tested in accordance with ANS|
C37. 09.
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2.4.4 Air Circuit Breakers

Circuit breakers shall include a ground-fault system or ground-sensing
rel ays.

.4.4.1 St or ed- Ener gy- Oper at ed Type

Air circuit breakers with stored-energy-operated nmechani snms shall conform
to ANSI C37.121 and NEMA SG 5 for netal -clad sw tchgear rated above [ 600
volts] [5 kilovolts], [14.4 kil ovolts] [grounded] [ungrounded].

Metal -clad air circuit breakers shall be nmounted on a nobile frane with
primary and secondary di sconnecting devices, automatic shutters, and
nmechani cal interlocks to allow conplete renoval of the unit for inspection
and mai ntenance. Circuit breakers shall be three-pole, single-throw,
electrically operated, with a notor-charged spring, stored-energy
nmechani sm and el ectric release coils for tripping and cl osi ng operations.

A not or - oper at ed position-changi ng nmechani sm shall be provided that wll
nove t he breaker between the test and operating position by neans of a

| evering device. Interlocks shall be provided to prevent the conplete

wi thdrawal of the circuit breaker fromits conpartnent when the
stored-energy nechanismis in the fully charged position. Circuit breakers
shal | be designed to prevent the rel ease of stored energy unless the
mechani smis fully charged.

Circuit breakers shall have nechanically trip-free nechanisns with
direct-current potential trip coils of the voltage indicated, auxiliary
swi tches, |atch-checking switches, control relays, and operation counters.

.4.4.2 Sol enoi d- Oper at ed Type

Air circuit breakers with sol enoi d-operated nechanisns shall conformto
ANSI C37.121 and the appropriate articles of NEMA SG 5 for netal -cl ad
swi tchgear rated above [600 volts] [5 kilovolts] [14.4 kilovolts].

Metal -clad air circuit breakers shall be nmounted on a nobile frane with
primary and secondary di sconnecting devices, automatic shutters, and
nmechani cal interlocks to allow conplete renoval of the unit for inspection
and mai ntenance. Circuit breakers shall be three-pole single-throw, with
sol enoi d-operated tri pping/cl osi ng nechani sm desi gned for operation on a
direct-current station battery power supply or direct froman emergency ac
power system of | ] vol tage.

Mechani sm cl osing coils shall be rated 125 volts and shall be operabl e at
voltages as low as 90 volts. Mechanismtrip coils shall be rated 125 volts
and shall be operable at voltages as low as 70 volts. Qperating nechani sm
for ac control circuits shall be as provided by the manufacturer for

[ ] vol tage.

Circuit breakers shall be nechanically trip-free mechanisns with auxiliary

swi tches, |atch-checking switches, control relays, and operation counters.
Solid-state tripping devices may be used.
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2.4.5 Ol Crcuit Breakers

Ol circuit breakers shall have the ratings shown and shall conply with
NEMA SG 5

QI circuit breakers shall use control voltage as indicated. Tripping
mechani sm shall consist of a nmagnet acting as a trigger to release a latch
permtting the breaker to open. A pneunatic operating systemshall be
provided with conpressors and reservoirs as needed. Tripping/closing
control shall be integrally provided with the breakers.

Distribution-voltage breakers shall be three phase with all three
interrupters nounted in the same tank. Transmi ssion-voltage oil circuit
breakers shall have the phase interrupters nmounted in separate tanks.

Circuit-breaker bushings shall be equi pped with bushing current
transformers and shall have standard secondary taps. Taps shall be
term nated outside the tank housing on term nal bl ocks and shall be
identified for short circuiting.

Operating mechani smshall be enclosed in a waterproof housing nounted on
t he breaker framework. Heaters shall be provided to prevent condensation
of noisture. Breaker nechanismshall be nechanically trip-free

Each breaker shall be equi pped with conplete relaying and controls.

Rel ayi ng shal |l consist of instantaneous and overcurrent tine-delay relays
plus others as indicated. Controls shall consist of a reclosing relay,
control switch, indicating lights, amreters, and as approved. Relays and
controls shall be installed in a control cabinet mounted on the breaker
housi ng (and nmay be solid-state type) or shall be installed renptely. An
external ly operable nanual trip device shall be provided.

Each oil circuit breaker shall be supplied with tank-1owering and
tank-lifting devices. Were applicable, a tank drain valve and an oi
| evel indicator shall be provided on each tank

QI for oil circuit breakers shall conformto ASTM D 3487.
Ol circuit breakers shall be factory tested in accordance with ANSI C37.09
.5 FUSES

A conplete set of fuses for all swi tches and sw tchgear shall be provided.
Fuses shall have a voltage rating not less than the circuit voltage.

Fuses rated 30 anperes, 125 volts or |ess shall be the nonrenewabl e
cartridge type. Fuses rated above 30 anperes 600 volts or |ess shall be
the renewabl e cartridge type with tine-delay dual el enents, except where
ot herwi se indicated. Fuses shall conformto NEVA FU 1.

Speci al fuses such as extra-high interrupting-capacity fuses, fuses for

wel di ng nachi nes, and capacitor fuses shall be installed where required.
Plug fuses are not permtted.
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Power fuses on ac systens above 600 volts shall be in accordance with NEVA
SG 2.

Fuses shall be | abel ed showing UL class, interrupting rating, and
ti me-del ay characteristics, when applicable. Additionally, fuse
i nfornmation shall be clearly listed on equi pnent draw ngs.

Fuse hol ders field-nmounted in a cabinet or box shall be porcelain. Field
installation of fuse holders nmade of such materials as ebony asbest os,
Bakelite, or pressed fiber shall not be used.

.6  CONTROL DEVI CES
.6.1 Magneti ¢ Contactors

Magnetic contactors for the control of |owvoltage, 60-hertz, tungsten-lanp
| oads, fluorescent-lanp | oads, resistance-heating |oads, and the primary

wi ndi ngs of |lowvoltage transforners shall be in accordance with NEMA ICS 1
and NEMA ICS 2 as required.

Core-and-coi|l assenbly shall operate satisfactorily with coil voltage
bet ween 85 and 110 percent of its voltage rating.

Contactor shall be designed with a nornmally open holding circuit auxiliary
contact for control circuits. Rating of the auxiliary contact shall be in
accordance with NEMA ICS 1 and NEMA |ICS 2

Sol derl ess pressure wire terninal connectors shall be furnished or nade
avail abl e for |ine-and-1oad connections to contactors in accordance with
NEMA ICS 1 and NEMA I CS 2

Rati ng of nagnetic contactors shall be in accordance with NEMA | CS land
NEMA | CS 2.

.6.2 Control-Circuit Transfornmers

Control -circuit transformers shall be provided within the encl osure of
magneti c contactors and notor controllers when the line voltage is in
excess of 120 volts. Transforner shall be encapsul ated dry type,

si ngl e-phase, 60-hertz, with a 120-volt (or 24-volt) isolated secondary
wi ndi ng.

Rated primary voltage of the transfornmer shall be not |ess than the rated
voltage of the controller. Rated secondary current of the transforner
shall be not |less than continuous-duty current of the control circuit.

Vol t age regul ation of the transforner shall be such that, with rated
primary voltage and frequency, the secondary voltage shall not be |ess than
95 percent nor nore than 105 percent of rated secondary voltage.

Source of supply for control-circuit transformers shall be the |oad side of
the main di sconnecting device. Secondary wi nding of the transforner and
control-circuit wiring shall be protected agai nst overloads and short
circuits with fuses selected in accordance with JIC01. Secondary w ndi ng
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2.

2

of the control-circuit transformer shall be grounded in accordance with
JI G 01.

.6.3 Magnetic Control Rel ays

Magnetic control relays for energi zing and de-energizing the coils of
magneti c contactors or other mamgnetically operated devices in response to
variations in the conditions of electric control devices shall be in
accordance with NEMA I CS 1, and NEMA ICS 2

Core-and-coi|l assenbly shall operate satisfactorily with coil voltages
bet ween 85 and 110 percent of their voltage rating.

Rel ays shall be designed to accommpdate normally open and nornal ly cl osed
contacts.

Magnetic control relays shall be [120] [ ] -volt, 60-hertz, Cass [AlB]
[ ] devices with a continuous contact rating of 10 anperes and with
current-nmaki ng and -breaking ability in accordance with NEMA ICS 1 and NEMA
ICS 2, two normally open and two normal |y cl osed.

6.4 Pushbut t ons and Swi t ches

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Specify electrically held, nagnetic latch
plug-in, or hernetically seal ed.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

.6.4.1 Pushbut t ons

Pushbuttons for | owvoltage ac full-voltage nagnetic controllers shall be
heavy-duty oiltight NEMA 250, Type [12] | ], nonentary-contact devices
rated 600 volts, with pilot light, and with the nunber of buttons and the
mar ki ng of identification plates as shown. Color code for pushbuttons
shall be in accordance with JIC 01

Pushbuttons shall be designed with normally open, circuit-closing contacts;
normal Iy closed circuit-opening contacts; and two-circuit nornmally open and
normal Iy closed circuit-closing and -opening contacts. Pushbutton-contact
ratings shall be in accordance with NEMA ICS 1 and NEMA ICS 2 with contact
desi gnati on A600

Pushbuttons in remote control stations shall be identified with
identification plates affixed to front cover in a promnent |ocation
Identification plate shall carry the identification of the system being
controll ed.

.6.4.2 Sel ector Swi tches

Sel ector switches for |lowvoltage control circuits shall be heavy-duty

oi I ti ght maintained-contact devices with the nunber of positions and the
mar ki ng of identification plates in accordance with NEMA ICS 1 and NEMA I CS
2.
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Sel ector switches in renpte control stations shall be identified with
engraved identification plates affixed to front cover in a proni nent
location. ldentification plate shall carry the identification of the
system bei ng control |l ed.

.6.4.3 Amet er Sel ector Switches

Ammet er sel ector switches for switchgear shall be rotary nmultistage
snap-action type in accordance with UL 20 with silver-plated contacts rated
for 600 volts ac or dc. Selector switch shall be a manually operated,
four-position device rated for 600 volts, 20 anperes, mninum and designed
to permit current readings on each bus of the main bus froma single
indicating instrument. Ammeter switch shall be nounted on the hinged front
panel of the sw tchgear conpartnent and shall be conpletely isolated from
hi gh-voltage circuits, with engraved escutcheon pl ate.

Sel ector switch handle shall be [pistol-grip] [oval] type.
.6.4.4 Voltmeter Selector Switches

Vol t neter sel ector switches for switchgear shall be rotary snap-action type
in accordance with UL 20 with silver-plated contacts rated for 600 volts ac
or dc. Switch shall be a nmanually operated, four-position device designed
to permit voltage readi ngs on each phase of the nain bus froma single
indicating instrument. Voltneter switch shall be nounted on the hinged
front panel of the sw tchgear conpartnent and shall be conpletely isolated
from high-voltage circuits, and with engraved escutcheon pl ate.

Sel ector switch handle shall be [pistol-grip] [oval] type.
.6.4.5 M scel | aneous Swit ches

Float, limt, door, pressure, proximty, and other types of sw tches shall
be in accordance with | PC D330 and of the types and cl asses i ndi cat ed.

.7 TI VE SW TCHES

Time switches for the control of tungsten-lanp |oads, fluorescent-I|anp

| oads, resistive-heating |loads, notors, and nagnetically operated devices
shal | consist of a notor-driven time dial and switch assenbly in NEMA 250,
Type 1 general - purpose encl osure.

Motor drives shall consist of 120-volt, single-phase, 60-hertz, heavy-duty,
sel f-starting synchronous nmotors directly connected to the tine dia

t hrough a geartrain operating nechanism A spring-wound stored-energy
source of reserve power shall be provided that will autonatically operate
the mechanismfor a period of not less than 12 hours in case of electric
power failure. Spring shall automatically rewind electrically in not nore
than 3 hours of tine after electric power is restored.

Swi tch nechani smshall include a heavy-duty general -purpose precision

snap-action switch in accordance with UL 20. Provision shall be nmade for
manual "OFF" and "ON' operation of the swtch.

SECTI ON 16286 Page 23



Time switches for the control of 120/240-volt, 2- and 3-wire, single-phase,
60-hertz circuits and 120/ 208-volt, three-phase, 4-wire, 60-hertz circuits
shal | have a continuous-current tungsten-lanp |oad rating of 35 anperes.

[Time dials shall be 24-hour type with adjustable on and off trippers for
repetitive switching operations at the sane tine each day. D al shall be
calibrated in 15-mnute intervals over a 24-hour period around its
circunference and shall make one revolution in the 24-hour period of tine.
Provi sion shall be nade to defeat the swi tching operation over weekends or
up to 6 preselected days each week. Tine dials shall have a m ni nrum"QON'
time setting of not nore than 20 minutes and shall be fully adjustable
upward in 15-nmnute intervals of tinme throughout each day.]

[Time dials shall be 7-day type with adjustable on and off trippers for
progranmmed switching operations for each day in the week. Dial shall be
calibrated in 2-hour intervals for each day and for each day in the week
around its circunference and shall nake one revolution in the 7-day period
of time. Tine dials shall have a mininmnum"ON' tine setting of not nore
than 2-1/2 hours and shall be fully adjustable upward in 2-hour intervals
of time throughout each day.]

[Time dials shall be astronom c type which automatically change settings
each day in accordance with the seasonal tine changes in sunrise and
sunset. Astronomc type dials shall have adjustable on and off trippers
for repetitive switching operations at solar time each day and each day in
the year and shall nake one revolution in a 24-hour period of tine. Dial
shall be calibrated in 15-minute intervals over a 24-hour period of tine
around its circunference. Dial shall indicate the day and nonth of the
year. Provision shall be nmade to defeat the sw tching operation over
weekends or up to 6 presel ected days each week. Tine dials shall be
designed to operate in the "ON' position at sunset and shall be fully

adj ustable upward in 15-minute intervals of tine throughout each day.]

. 8 PROTECTI VE RELAYS

.8.1 Overcurrent Rel ays

Overcurrent relays shall conformto | EEE C37. 90.

Overcurrent relays for protection agai nst phase and ground faults shall be
si ngl e- phase nondi rectional renopvable induction type with built-in testing
facilities. Relays shall be designed for operation on the dc or ac control

circuit indicated.

Ground-fault overcurrent relays shall have short-tine inverse tine
characteristics with adjustable current tap range as required.

Phase-fault overcurrent relays shall have varied inverse-tine
characteristics with adjustable current tap range as required and

i ndi cating i nstantaneous-trip attachnents with adjustable current range as
required.

Case shall be sem flush-nmounted to the hinged instrument panel and shal
have natching cover.
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Solid-state static-type trips for | owvoltage power circuit breakers shal
be in accordance with EI A 443 and ANS|I C37.17.

Trip unit shall enploy a conbination of discreet conponents and i ntegrated
circuits to provide the tinme-current protection functions required in a
nodern sel ectively coordi nated distribution system

Conpl ete system sel ective coordi nation shall be provided by utilizing a
conbination of the follow ng tinme-current curve-shapi ng adj ustnments: anpere
setting; long-tine delay; short-tinme pickup; short-tine del ay;

i nst ant aneous pi ckup; and ground fault.

I nst ant aneous and ground fault trips shall be switchable or easily
def eat abl e.

Al adjustnments shall be nmade using non-renovable, discrete step, highly
reliable switching plugs for precise settings. A sealable, transparent
cover shall be provided over the adjustnments to prevent tanpering.

Trip devices shall be furnished with three visual indicators to denote the
automatic tripping nmode of the breaker including: overload; short circuit;
and ground fault.

Trip unit shall be wired to appropriate ternm nals whereby an optiona
renote autonmmtic trip accessory can be utilized to provide the sane
i ndi cation.

A series of optional automatic trip relays shall be available for use with
the trip unit to provide renpte alarmand | ockout circuits.

Al trip units shall be provided with test jacks for in-service functiona
testing of the long-tine instantaneous and ground fault circuits using a
smal | hand-held test kit.

.8.2 Directional Overcurrent Rel ays

Directional overcurrent relays shall be in accordance with | EEE C37. 90.
Directional overcurrent relays for protection against reverse-power faults
shal | be singl e-phase induction type with adjustable tine-delay and

i nstantaneous trip attachments. Relays shall be renpvable type with
inverse-tine directional and overcurrent units with built-in testing
facilities.

Case shall be sem flush-nmounted to the hinged instrument panel and shal
have natching cover.

.8.3 Recl osi ng Rel ays
Recl osing rel ays shall conformto | EEE C37. 90.
Recl osing rel ays shall be designed to reclose circuit breakers that have

tripped fromovercurrent. This device shall automatically reclose the
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breaker at adjustable tine intervals between reclosures and then | ock out
the breaker in the open position if the fault persists. |If the fault

di sappears after any reclosure, the circuit breaker shall remain closed and
the reclosing relay shall reset automatically and be ready to start a new
sequence of operation.

Recl osing rel ays shall be renpvable with built-in testing facilities and
shall consist of a timng unit rated at 120/240 volts, single-phase, ac and
sol enoid and contactor units with dc rating as indicated. Contacts shal

be arranged for one instantaneous reclosure and two subsequent reclosures
at 15 and 45 seconds, respectively. Tine dial shall be set for 60-second
drum speed

Case shall be sem flush-nmounted to the hinged instrument panel and shal
have a matchi ng cover.

.8.4 Under vol t age Rel ays
Undervol tage rel ays shall conformto | EEE C37. 90.

Undervol tage rel ays shall be three-phase induction type inverse timng with
adj ustabl e high- and | owvoltage contacts and calibrated scale for
protection agai nst | oss of voltage, undervoltage, and overvoltage. Relays
shal | be equi pped with indicating contactor and voltage switches to provide
electrically separate contact circuits. Relays shall be renovable type
with built-in testing facilities and shall be suitable for operation on
120-volt ac circuits. Contacts shall be suitable for operation on dc or ac
control circuits.

Case shall be sem flush-nmounted to the hinged instrument panel and shal
have a matchi ng cover.

.9 | NDI CATI NG | NSTRUMENTS
.9.1 Anmmret er s
Amet ers shall conformto ANSI C39. 1.

Swi t chboard indicating ameters shall be approximtely 4-1/2 inches 115
mllineter square with 250-degree scal e and recessed cases suitable for
flush nounting. Dials shall be white with black figures and bl ack
pointers. Instruments shall be nmounted on the hinged front panel of the
swi tchgear conpartnent and shall be conpletely isolated from hi gh-voltage
circuits. Meters shall be standard 5-anpere type for a zero to full-scale
normal novenent, 60 hertz.

.9.2 Vol tneters

Vol tneters shall conformto ANSI C39. 1.

Swi t chboard indicating voltnmeters shall be approximately 4-1/2-inches 115
mllineter square with 250-degree scal e and recessed cases suitable for

flush nounting. Dials shall be white with black figures and bl ack
pointers. Instruments shall be nmounted on the hinged front panel of the
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swi tchgear conpartnent and shall be conpletely isolated from hi gh-voltage
circuits. Voltnmeters shall be standard 120-volt type for a zero to
full-scale normal novenent, 60 hertz.

.9.3 wat t - Hour Meters/wattneters

Watt-hour nmeters, wattneters, and pulse initiation neters shall conformto
| EEE C12. 1.

Swi tchboard wattnmeters for use with instrunment transfornmers shall be
t hr ee- phase induction type with two stators, each equi pped with a current

and potential coil. Meter shall be rated 5 anperes at 120 volts and shal
be suitable for connection to three-phase, 3- and 4-wire circuits.
Instrument shall be conplete with potential indicating |anps, |ight-I|oad
and full-load adjustnents, phase bal ance, power-factor adjustnents,

four-dial clock register, ratchets to prevent reverse rotation, and
built-in testing facilities.

Pul se initiating meters for use with denand neters or pul se recorders shal
be suitable for use with nmechanical or electrical pulse initiators.
Mechani cal | oad i mposed on the neter by the pulse initiator shall be within
the limts of the pulse neter. Load shall be as constant as practica
t hroughout the entire cycle of operation to ensure accurate neter readi ngs.
Pul se initiating meter shall be capabl e of measuring the naxi mum nunber of
pul ses at which the pulse device is nominally rated. Pulse initiating
neter nmay be considered to be operating properly when a kil owatthour check
i ndi cates that the demand neter kilowatthours are within limts of the
wat t hour neter kil owatthours.

Pul se initiating nmeters shall be |ocated such that conponents sensitive to
noi sture and tenperature conditions are mnimzed. Precautions shall be
taken to protect sensitive electronic nmetering circuitry from

el ectronagnetic and el ectrostatic induction.

Meters shall be renovable and shall be furnished with draw out test plug.
Cont act devices shall be furnished to operate renmpte inpulse-totalizing
graphi ¢ demand neters.

Case shall be sem flush-nmounted to the hinged instrument panel and shal
have a matchi ng cover.

.9.4 Graphi ¢ Demand Meters
| mpul se-totalizing graphic denmand neters shall conformto | EEE Cl12. 1.

| mpul se-totalizing graphic denand neters shall be suitable for use with

swi tchboard watt-hour neters and shall include a two-circuit totalizing
relay, cyclonmeter for cunulative record of inpulses, four-dial totalizing
kil owatt-hour register, synchronous notor for timng nechanism torque
notor, and chart drive. A positive chart-drive nmechani smconsisting of
chart spindles and drive sprockets shall maintain the correct chart speed
for roll strip charts. Instrunent shall record as well as indicate on
clearly |l egible graph paper the 15-mnute integrated kilowatt denand of the
totalized system
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Torque notor shall furnish the notive power for advancing the regi ster and
pen- movenent nechani sm Pen shall be the capillary type and shall contain
a l-nonth ink supply. Roll charts shall provide a 31-day continuous record
of operation.

Case shall be sem flush-nmounted to the hinged instrument panel and shal
have a matchi ng cover.

.9.5 Speci al ty- Type Meters

Specialty meters shall conformto ANSI C39.1. Specialty-type neters are
panel neters applicable to specific situations, such as pyroneters and dc
paranmeter neters. These neters shall conformto the panel |ayout
specified. Meter scales shall be not |ess than 180 degrees. Edgew se
neters shall not be used for circuit current and vol tage neasurenents.

.10 FACTORY TESTI NG

Factory tests on control and | ow voltage protective devices shall be
perfornmed in accordance with the manufacturer's reconmendati ons.

Short-circuit tests shall be in accordance with Section 2 of NEMA |ICS 1.

Factory tests on power, high-voltage, and oil circuit breakers shall be in
accordance with ANSI C37.09.

11 | NDI CATI NG LI GATS

11,1 Gener al - Pur pose Type

Indicating lights shall be oiltight instrunent devices with threaded base
and collar for flush-nmounting, translucent convex |ens, candel abra

screw base | amphol der, and 120-volt, 6-watt, Type S-6 incandescent lanp in
accordance with ANSI C78.23. Color code for indicating |ights shall be in
accordance with JI C 01.

Indicating lights shall be provided in renmpte-control stations when
pushbuttons and sel ector switches are out of sight of the controller

.11.2 Swi t chboard I ndicating Lights

Swi tchboard indicating |lights shall be the nanufacturer's standard
transformer type units [120-volt input] [ ] utilizing | owvoltage | anps
and convex |lenses of the colors indicated. Indicating lights shall be
capabl e of being relanped fromthe switchboard front. Indicating lights

utilizing resistors in series with the lanps are not permtted except in
direct-current control circuits. Lights shall have a press-to-test feature.

12 FI NI SH

EE R R R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: For all outdoor applications and all indoor
applications in a harsh environment refer to Section
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09960, "Hi gh Performance Coatings." High
performance coatings are specified for all outdoor
applications because ultraviolet radiation wll
break down nost standard coatings, causing a
phenonena known as chal king, which is the first
stage of the corrosion process. For additiona

i nformati on contact The Coatings Industry Alliance,
specific suppliers such as Keeler and Long and PPG
and NACE International (NACE)

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Metallic materials shall be protected against corrosion. Equi pnent shal
have the standard finish by the nmanufacturer when used for nost indoor
installations. For harsh indoor environnents (any area subjected to

chem cal and/or abrasive action), and all outdoor installations, refer to
Section 09960, "Hi gh Performance Coatings."

PART 3 EXECUTI ON

3.

1 | NSTALLATI ON

Control devices and protective devices not factory installed in equipnent
shall be installed in accordance with the manufacturer's recomendati ons
and shall be field adjusted and operation tested. Installations shal
conformto NFPA 70, NEMA ICS 1, NEMA ICS 2, and NEMA ICS 3 requirenents for
installation of control and protective devices.

.2 FI ELD TESTI NG

Control and protective devices not factory installed in equipnent shall be
denonstrated to operate as indicated.

Instrunmentation, potential, and current transformers shall be ratio' d and
tap settings verified.

Circuit breakers rated 15KV and above shall be given a timng test to
verify proper contact speed, travel, bounce, and wi pe.

G| and high-voltage circuit breakers and their bushings shall be given an
i nsul ation power factor test to establish condition nonitoring baselines.

Insulating oil in oil circuit breakers shall have dielectric tests
perfornmed before the breakers are energized. G shall be tested in
accordance with ASTM D 877, and breakdown vol tage shall be not |ess than
25,000 volts WManufacturer shall certify that the oil contains no PCB s and
shall affix a label to that effect on each breaker tank and on each oi

drum containing the insulating oil.

Reduced- vol tage starting devices shall be field adjusted to obtain optinmm
operating conditions. Test neters and instrument transfornmers shal
conformto | EEE Cl12.1 and | EEE C57. 13.

Control and protective devices shall not be energized until recorded test
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dat a have been approved by the Contracting Oficer. Final test reports
shal |l be provided to the Contracting Officer. Reports shall have a cover
letter/sheet clearly marked with the System nane, Date, and the words
"Final Test Reports - Forward to the Systens Engi neer/Condition Mnitoring
O ficel/Predictive Testing Group for inclusion in the Mintenance Dat abase."

-- End of Section --
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